
TROPOMI, the space air quality sensor, being tested
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• The ESA Sentinel-5 Precursor (S-5P) is a pre-operational mission focussing on 
global observations of the atmospheric composition  
for air quality and climate. 

• The TROPOspheric Monitoring Instrument (TROPOMI) is the payload of the 
S-5P mission and is jointly developed by The Netherlands and ESA. 

• The planned launch date for S-5P is 2016 with a 7 year design lifetime.

sentinel-5 precursor 
COPERNICUS/GMES ATMOSPHERE MISSION IN POLAR ORBIT

‣ UV-VIS-NIR-SWIR nadir view 
grating spectrometer. 

‣ Spectral range: 270-500,  
675-775, 2305-2385 nm 

‣ Spectral Resolution: 0.25-1.1 
nm 

‣Spatial Resolution: 7x7km2 

‣Global daily coverage at 13:30 
local solar time.

 TROPOMI

‣Total column 
O3, NO2, CO, SO2,CH4, 

CH2O,H2O,BrO 

‣Tropospheric column 
O3, NO2  

‣O3 profile 

‣Aerosol absorbing index, type, 
optical depth

 CONTRIBUTION TO GMES 

ESA/PB-EO(2012)21 
Annex 2 

GMES Sentinel-5 Precursor Project Data Sheet 

 
 
 
Sentinel-5p Mission Objectives: 
 
European polar orbiting UV-VIS-NIR-SWIR 
spectrometer payload providing continuity of 
atmospheric chemistry data at high temporal and 
spatial resolution with increased frequency of 
cloud-free observations for the study of 
tropospheric variability. 
 
Provides measurements of: 
UVN: 

� Ozone 
� NO2 
� SO2 
� Formaldehyde 
� Aerosol 

SWIR: 
� CO 
� CH4 

NIR: 
� Clouds and surface albedo. 

Mission Profile: 
 
� 7 years lifetime  
� Sun-Synchronous orbit @ 824km 
� Inclination: 98.742 deg. 
� Mean LST: 13:30 at Ascending Node 
� 17-days repeat cycle 
� 72 hrs operative autonomy. 
 
 
 
TROPOMI Payload: 
 
UV-VIS-NIR-SWIR push-broom grating 
spectrometer. UVN module provided as a 
national contribution by the Netherlands: 
 
� Number of channels: 4 
� Spectral range: 270-495 nm, 710-775 nm, 

2305-2385 nm 
� Spectral resolution: 0.25-0.55 nm 
� Observation mode: nadir pointing, global 

daily coverage, 7*7 km2 ground pixel 
� Radiometric accuracy: ~ 2 % 
� Mass: 200kg 
� Power consumption: 180 W average 
� Data Volume: 120 Gbits/orbit. 

Spacecraft Platform: 
 
Astrobus L 250 M from ASTRIUM. 
 
Spacecraft Launch Mass: 
 
~ 900 kg. 
 
Spacecraft Power: 
 
1500 W (EOL) 
430W average power consumption. 
 
Science Data Storage Capacity: 
 
230 Gbit (EOL) using flash-memory technology. 
 
Communication Links: 
 
S-Band TT&C, 64 kbit/s uplink, 128 kbit/s-1 
Mbit/s downlink with ranging and coherency 
 
X-Band Science Data, 310 Mbit/s downlink 
OQPSK 
 
Launch Vehicle: 
 
VEGA and Rockot category. 
 
Launch Date: 
 
March 2015. 

 



• 6x higher spatial 
resolution  
7x7 km2 vs. 13x24 km2 

• 1-5x higher signal-to-noise 

• Variable binning scheme 

• better cloud information  
from the oxygen A+B bands 

• CO and CH4 observations  
from the SWIR band 

• Data rate ~20x OMI

From OMI to TROPOMI

Gloudemans et al., SCIAMACHY CO over 
land and oceans: 2003–2007 interannual 

variability,  ACP, 2009

A. M. S. Gloudemans et al.: SCIAMACHY CO over the oceans 3809

Fig. 11. Five year average CO total columns on a 1� by 1� grid.
Top: SCIAMACHY CO. Bottom: TM4. Blue indicates low CO
columns and red high CO columns. Note that the SCIAMACHY
CO columns above low clouds over sea are filled up with TM4 CO
below the cloud to obtain total columns.

4.1 Asian outflow

Turquety et al. (2008) have compared SCIAMACHY and
MOPITT COmeasurements over Asia with the LMDz-INCA
model for the period March–May 2005 and conclude that
their inventory-based model emissions are too low. A sim-
ilar conclusion is drawn in the previous section for the TM4
model and is a common feature in atmospheric chemistry
transport models (Shindell et al., 2006). Figure 12 shows
the time series of measured and modeled CO total columns
for the period January 2003–December 2007 over the area
East of China indicated by the blue box in the bottom panels.
The bottom panels show the monthly mean CO total columns
over Asia and the northern Pacific in March 2006 and March
2007. Over the northern Pacific (clouded) ocean scenes the
modeled below-cloud partial column is added to observed
partial CO columns above the cloud. In this case, the mod-
eled below-cloud partial column may be too low, because of
too low emissions in the TM4 model (Shindell et al., 2006).
The largest outflows of CO from Asia are observed in 2005

and 2007 while the outflow in 2006 was smaller. Pollution
from Asia has little seasonality according to the TM4 model.
Rather, the seasonality in CO seen in the time series is caused
by the seasonality of OH concentrations which shows a min-
imum during local winter. The rapid decline of CO during
late spring coincides with the rapid increase of OH during
this time of year. The interannual variability seen in CO, with
peaks in 2005 and 2007 is probably caused by biomass burn-
ing from southern Asia (Turquety et al., 2008) which may
be underestimated in the TM4 model. Remaining calibration
errors in the CO measurements as discussed in Gloudemans
et al. (2008) may have a small effect on the absolute values
of the observed CO columns, but are unlikely to affect the
observed variability. Annual differences in cloud cover and
hence in the number of clouded ocean measurements have
been accounted for by averaging over a variable time period
in order to warrant sufficient precision of the observed CO
columns and consequently the observed variability.

4.2 Indonesia

Figure 13 shows the time series of measured and modeled
CO total columns for the period January 2003–December
2007 averaged over the area west of Indonesia indicated
by the blue box in the bottom panels. This area is
mainly affected by biomass burning originating in Indone-
sia. The bottom panels show the monthly mean CO to-
tal columns over Indonesia and the surrounding oceans
for October and November 2006 when extensive biomass
burning was taking place in Indonesia. The time series
show that the CO columns in 2006 during the biomass-
burning season are significantly higher than in other years.
The interannual variability seen in SCIAMACHY CO for
the period 2003–2007 corresponds well with that seen
in the MOPITT CO data (http://www.nasa.gov/centers/
goddard/news/topstory/2007/elnino wildfire.html) although
measured SCIAMACHY columns were substantially higher
than those measured by MOPITT during the 2006 peak fire
months. Both SCIAMACHY and MOPITT observed large
CO columns during spring 2005 and autumn 2006 with the
largest peak in 2006, and much lower CO columns during the
rest of both years as well as in 2003, 2004 and 2007. Com-
parison with the ESPI ENSO Index suggests that peaks in CO
over Indonesia in the period 2003–2007 coincide with the
warm phases of El Niño which led to an extended dry season
and an increase in the biomass-burning over Indonesia. In
October/November 2007 the SCIAMACHY CO columns are
similar to those in 2005 and consistent with the monthly MO-
PITT CO images (http://web.eos.ucar.edu/mopitt/data/plots/
mapsv3 mon.html) indicating that less biomass burning oc-
curred in Indonesia during autumn 2007 and 2005 compared
to autumn 2006 and 2004.
The recurring small annual peak in CO in late winter and

early spring in the period January–March in this region coin-
cides with the seasonality of transported pollution from the

www.atmos-chem-phys.net/9/3799/2009/ Atmos. Chem. Phys., 9, 3799–3813, 2009
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TROPOMI improves SCIAMACHY and OMI 

• Push broom configuration 
– Wide swath (2600 km),  small pixel 

• Polarization scrambler 
• Optics well inside the instrument 

– Low degradation 
• Wide wavelength range 

– UV (270 nm) to SWIR (2385 nm) 
– Adds CO, CH4, O2A (clouds), H2O 

• Instrument designed for 2 % albedo instead of 30 % 
– 10 x better sensitivity 

• Ground pixel down to 7 x 7 km2 
• Better overlap  UV1 – UV2

4
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Building blocks
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UVN Module after integration
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• Excellent telescope 
• All three spectrometers perfect 

imaging and co-registration 
• Small features in sun calibration 

measurements
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SWIR Module after integration
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• Excellent integrated energy, imaging 
properties
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Current activities

8

• Pre-environmental tests finished 
– Spectral, spatial performance 

verified 
• Co-registration 

– Spectral stray light bands 1-4 first 
results as OMI 

– Internal WLS showed saturation, we 
switch to a different internal diffuser 

• Vibration tests (about) finished 
• Thermal balance is starting 
• From November to March 

performance / calibration 
• Launch early 2016
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Very good overall (expected) performances

• UVN S/N estimate using measured throughput and 
electronics noise performances 
– Requirements for 2 % albedo 
– Exceeds requirements

9



The Sentinel-5 precursor is a UV-VIS-NIR-SWIR 
spectrometer payload derived through tailoring 
of Sentinel-5 specifications, e.g. priority to spectral 
resolution, coverage, spatial sampling distance, 
signal-to-noise ratio and only high priority bands. 
It will bridge the gap between Envisat/EOS Aura and 
Sentinel-5 (the latter expected to be launched in 2020). 

It will provide measurements of elements 
of atmospheric chemistry at high temporal and spatial 
resolution. Also, it will increase the frequency of cloud-
free observations required for the study of troposphere
variability. In particular the Sentinel-5 Precursor 
mission is expected to provide measurements of ozone,
NO2, SO2, CO and aerosol.

MISSION OBJECTIVES

SATELLITE PAYLOAD
> Type: UV-VIS-NIR-SWIR push-broom grating 

spectrometer called TROPOMI

> UVN module of TROPOMI provided as a national 
contribution by the Netherlands

> Number of Channels: 4

> Spectral Range: 270-495 nm, 710-775 nm, 
2305-2385 nm

> Spectral Resolution: 0.25-0.55 nm

> Observation Mode: Nadir, global daily coverage, ground
pixel 7x7 km2

> Radiometric Accuracy: 2%  approximately

> Mass: 200 kg

> Power: 170 W average

> Data Volume: 120 Gbits/orbit

sentinel-5 precursor
→ GMES LOW EARTH ORBIT ATMOSPHERE MISSION

www.esa.int/gmes

MISSION PROFILE
> Launch: 2015
> Lifetime: 7 years
> Orbit: sun-synchronous, 824 km, 13:30 h LTAN
> Inclination: 98.742 deg.

> Repeat cycle: 17 days
> Launcher: Compatible with VEGA and ROCKOT category

of launchers

SATELLITE PLATFORM
> Astrobus L 250 M from ASTRIUM
> 3 axis stabilised with optional yaw steering
> Launch Mass: 900 kg (incl. 80 kg fuel)
> Spacecraft Power: 1500 W (EOL), 430 W average

power consumption
> Battery Capacity: 156 Ah
> Data Storage Capacity: 230 Gbit (EOL) using 

flash-memory technology

> Communication Links: S-Band TT&C with 64 kbit/s up-
link and 128 kbit/s-1 Mbit/s downlink with ranging and
coherency, X-Band Science Data downlink at 310
Mbit/s OQPSK

> Propulsion: Mono-propellant hydrazine

Last update March 2012

The Sentinel-4 mission covers the needs for continuous monitoring of the atmospheric chemistry at high temporal
and spatial resolution from the geostationary orbit. The main data products will be O3, NO2, SO2, HCHO and aerosol
optical depth, which will be generated with high temporal resolution (~ 1 hour) to support air quality monitoring and
forecast over Europe. 

The Sentinel-4 UVN instrument is a high resolution spectrometer covering the
> ultraviolet (305-400 nm),   
> visible (400-500 nm) 
> near-infrared (750-775 nm) bands. 
The spatial sampling is 8 km and a spectral resolution between 0.12 nm and 0.5 nm (depending on the band).

MISSION OBJECTIVES

MISSION PROFILE

SATELLITE PAYLOAD

The UVN instrument will be embarked on the Meteosat Third Generation (MTG) – Sounder satellite. Coverage is
achieved by scanning with a fast repeat cycle over Europe and North Africa (Sahara) of 60 minutes (goal 30 minutes).
> Launched with MTG-S1 and MTG-S2.

Number of units
The instrument will be composed of 3 units:
> the Main Optical Unit that contains the optical

and detection parts
> the Instrument Control Unit
> the Scan Drive Electronics

Instrument Characteristics
> Average power is 180 W
> Mass including electronics = 150 kg
> Power consumption = 180 W 
> Data Rate during acquisition = <30 Mbps
> Mission reliability = >0.75 @ 8.5 years

Imaging coverage and instrument field of view
From the MTG-S satellite, the accessible area is 8.8° EW x
16.6° N-S (full angles – w/o margins), assuming a 180°-
satellite yaw flip by the MTG-S satellite. Because of the
yaw flip of the MTG-S satellite every 6 months, the 2-axis
mechanism will allow to point both the northern and
southern hemisphere. The instrument has a N-S field of
view of: 3.4° (instantaneous during acquisition).

sentinel-4
→ GMES GEOSTATIONARY ATMOSPHERIC MISSION

www.esa.int/gmes

Last update March 2012
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Suomi-NPP - S5P formation Flying

• S-5P is planned to observe within 5 min. of 
Suomi-NPP. 

• Primary goal is to use VIIRS cloud mask for 
S-5P methane observations. 

• Other opportunities: 

‣ TROPOMI-VIIRS cloud and  
aerosol combined products. 

‣ TROPOMI-OMPS-CRIS  
ozone profiles. 

‣ TROPOMI-OMPS inter-  
calibration.

I. Genkova et al.: Temporal co-registration for TROPOMI cloud clearing 599

Fig. 3. Schematic of the neighbouring ground pixels included in the edge test. Sizes for the blue areas are given for the MSG SEVIRI data.
The pixel that is tested is the centre pixel in each figure. Left figure shows a test with 1 neighbour included in all directions (Case A). The
middle figure shows a test with 2 neighbours included in each direction (Case B). The right figure shows a constraint with 4 neighbours in
the East-West direction and 2 in the North-South direction (Case C).

Table 2a. Statistics for Case A from GOES-10.

Cloud
ti � t0, Number Cloudy Clear Contami-
[min] of Pixels Pixels [%] Pixels [%] nated [%]

0 22 039 290 67.87 32.12 0.00
1 20 570 004 68.12 31.14 0.72
2 19 310 616 68.24 30.51 1.24
3 18 051 228 68.35 30.00 1.64
4 16 791 840 68.46 29.53 1.99
5 15 532 452 68.58 29.11 2.30
6 14 273 064 68.69 28.70 2.60
7 13 013 676 68.80 28.32 2.87
8 11 754 288 68.89 27.98 3.11
9 10 494 900 68.98 27.69 3.31
10 9 235 512 69.07 27.42 3.49
11 7 976 124 69.16 27.16 3.67
12 6 716 736 69.22 26.94 3.82
13 6 087 042 69.26 26.74 3.99
14 5 457 348 69.28 26.57 4.13
15 4 827 654 69.29 26.43 4.26
16 4 197 960 69.25 26.33 4.40
17 3 568 266 69.16 26.27 4.55
18 2 938 572 69.12 26.23 4.64
19 2 308 878 68.98 26.26 4.74
20 1 679 184 68.66 26.59 4.74

that the cloud mask from SEVERI may be less stringent than
the one produced from MODIS. Therefore the number pro-
duced in this study should be evaluated in a relative way.
The amount of clear pixels for each of the three cases, for
the 15min time difference, and for both data sets is shown
on Fig. 4.

To quantify the effect of the time difference on the number
of cloud affected pixels we express the cloud-contaminated
pixels as percentage of the pixels for which a trace gas re-
trieval is assumed valid. The percentage of affected retrievals

Table 2b. Statistics for Case B from GOES-10.

Cloud
ti � t0, Number Cloudy Clear Contami-
[min] of Pixels Pixels [%] Pixels [%] nated [%]

0 21 829 500 79.27 20.72 0.00
1 20 374 200 79.51 20.38 0.09
2 19 126 800 79.63 20.19 0.16
3 17 879 400 79.74 20.01 0.23
4 16 632 000 79.84 19.83 0.31
5 15 384 600 79.95 19.66 0.37
6 14 137 200 80.04 19.49 0.45
7 12 889 800 80.13 19.33 0.52
8 11 642 400 80.21 19.18 0.59
9 10 395 000 80.28 19.05 0.66
10 9 147 600 80.34 18.92 0.72
11 7 900 200 80.38 18.81 0.79
12 6 652 800 80.39 18.73 0.87
13 6 029 100 80.40 18.65 0.94
14 5 405 400 80.39 18.58 1.01
15 4 781 700 80.37 18.54 1.07
16 4 158 000 80.31 18.54 1.14
17 3 534 300 80.19 18.58 1.21
18 2 910 600 80.07 18.64 1.27
19 2 286 900 79.83 18.82 1.33
20 1 663 200 79.33 19.30 1.36

is calculated as:

Percentage affected pixels=
= 100⇥

�
[cloud contaminated pixels]/

⇥
[clear pixels]

+[cloud contaminated pixels]
⇤�

. (1)

The percentage of affected retrievals as a function of the time
difference between t0 and t1 for Case A, B and C is shown
in Fig. 5. The curves in this figure are drawn through the
origin, as the number of affected pixels at 0 time difference
is per definition 0. As expected, the percentage of affected
pixels increases with increasing time difference. Also, the

www.atmos-meas-tech.net/5/595/2012/ Atmos. Meas. Tech., 5, 595–602, 2012
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Table 2c. Statistics for Case C from GOES-10.

Cloud
ti � t0, Number Cloudy Clear Contami-
[min] of Pixels Pixels [%] Pixels [%] nated [%]

0 21 704 760 84.58 15.41 0.00
1 20 257 776 84.79 15.16 0.04
2 19 017 504 84.89 15.02 0.07
3 17 777 232 84.99 14.90 0.10
4 16 536 960 85.08 14.78 0.12
5 15 296 688 85.17 14.68 0.14
6 14 056 416 85.25 14.57 0.16
7 12 816 144 85.33 14.48 0.18
8 11 575 872 85.39 14.39 0.21
9 10 335 600 85.45 14.31 0.23
10 9 095 328 85.49 14.25 0.25
11 7 855 056 85.51 14.19 0.28
12 6 614 784 85.50 14.18 0.31
13 5 994 648 85.49 14.14 0.35
14 5 374 512 85.48 14.13 0.38
15 4 754 376 85.45 14.12 0.41
16 4 134 240 85.38 14.16 0.45
17 3 514 104 85.27 14.24 0.48
18 2 893 968 85.12 14.35 0.51
19 2 273 832 84.86 14.58 0.54
20 1 653 696 84.33 15.10 0.56

 

Figure 4. Percentage of cloud free pixels for Case A, B, and C, for 15 min time difference. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Percentage of cloud free pixels for Case A, B, and C.

percentage decreases with increasing the size of the retrieval
footprint, i.e. from Case A to Case C.
If we apply an arbitrary threshold value for the percentage

of affected pixels of 2%, the time differences derived from
Fig. 5 range from less than 5min for Case A to 15min for
Case C for MSG SEVIRI. For GOES-10, the time differences
are 1min for Case A and 10min for Case C.
For a 1% threshold the time differences for MSG SEVIRI

range from 1min for Case A to 7min for Case C, and for the
GOES-10 data set the range is from 0.5min for Case A to
5min for Case C.
Using GOES-10 1 min imagery allows complementing the

results from the study using MSG SEVIRI data by look-

 

 
Fig. 5. Percentage of affected trace gas retrievals as function of the
time difference between t0 and t1 for Case A (blue), B (red) and C
(green) for the study using 15min MSG SEVRI data (marked with
filled circles) and for the study using 1min GOES-10 data (marked
with black crosses).

ing into time differences t0� t1 smaller than 15min. The
temporal co-registration requirements can be defined more
precisely instead of using linear interpolation between 0 and
15min, as it was done for the MSG data. However, we note
that the MSG SEVIRI data set is significantly larger, data
coverage is different and it includes a range of meteorolog-
ical situations. Nevertheless, the limited GOES-10 data set
allows us to study time differences ranging from 0 to 20min,
thus comparing the results from both data sets for the 15min
time difference.
The constraints for cloud free pixels are stronger for

Case B and C as compared to Case A. Therefore the num-
ber of cloud free pixels is lower for Case B and C, as can
be seen in Table 1. The percentage of clear pixels for each
case is graphically displayed in Fig. 4. The figure shows that
for the MSG SEVIRI data the percentage of cloud free pixels
decreases with approximately 5% from Case A to Case C.
In a relative way, the decrease from Case A to Case C is
24%. For the GOES-10 data sets the reduction of cloud free
pixels from Case A to Case C is twice as large. Note that
for a clear pixel the area without clouds is 5 times larger for
Case C compared to Case A, as can be seen in Fig. 3. In the
MODIS study by Krijger et al. (2007) it was found that going
from pixels with an area 9⇥ 18 km2 to 27⇥ 30 km2 resulted
in a decrease of clear pixels of 43%, which is significantly
larger than the 24% found in this study. It is noted that the
cloud edge test is different from the cloud test performed by
Krijger et al. (2007) but the difference in decrease of clear
pixels may also be the result of the different cloud clearing
schemes.

Atmos. Meas. Tech., 5, 595–602, 2012 www.atmos-meas-tech.net/5/595/2012/

Genkova et al., AMT, 2012
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ESA Announcement of Opportunity for Validation
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https://earth.esa.int/aos/S5PVT 
deadline 1-Oct

https://earth.esa.int/aos/S5PVT

